Introduction
The triblock copolymer, Pluronic P105, has been found to be an ideal ultrasonically activated drug delivery vehicle because it forms micelles with hydrophobic polypropylene oxide cores that sequester hydrophobic drugs (Fig. 1) . These micelles release their contents upon the application of low frequency ultrasound [1] such that drugs can be released specifically at the ultrasonicated region (Fig. 2) . Such ultrasonically controlled release has been effective against cancer cells in vitro [2] and in vivo [3] .
This poster presents our results showing that collapse cavitation is associated with drug release. Cavitation is generally divided into two types of behavior. Stable cavitation is the stable oscillation of a bubble without collapse, and it occurs at lower acoustic intensities (Fig. 3) . Collapse cavitation occurs at higher acoustic intensity when ultrasonic pressure oscillations greatly expand and then quickly collapse a gas bubble to a fraction of its volume (Fig. 3 ). This creates high shear stresses and a shock wave. Collapse cavitation is evidenced by the appearance of a subharmonic at one half of the ultrasonic frequency. Figure 6 shows the percent of doxorubicin release from micelles as a function of the acoustic power density delivered. No significant (p>0.05) change in fluorescent intensity is seen below approximately 0.28 W/cm 2 . Above this power density the drug release increases and then levels off. The three inserts in Fig. 6 show examples of the frequency spectra. The spectrum on the lower left (at 0.25 W/cm 2 ) contains no subharmonic peak (in the vicinity of 35 kHz) and was collected at an intensity where no Dox was released. The insert on the right shows the development of a subharmonic peak (at approximately 35 kHz) at 0.28 W/cm 2 , where the Dox release was first measured. The top inset shows that with increasing intensity, the subharmonic peak increases in magnitude. The onset of ultrasonically released Dox corresponds to the emergence of a subharmonic peak. Figure 7 shows the acoustic intensity of the subharmonic signal correlated with the drug release.
Results

Discussion
Two features of these results show that Dox release from Pluronic micelles is strongly correlated with collapse cavitation. First, drug release has an obvious threshold near 0.3 W/cm 2 , and the onset of collapse cavitation occurs in this region. Secondly, the subharmonic peak appears at the same intensities as drug release starts, and the subharmonic intensity correlates with drug release, with the exception of a few outliers. We hypothesize that the high shear stresses associated with the collapse of the cavitating bubble and subsequent shock wave shears micelles, disrupting their structure and releasing a portion of sequestered drug before the micelle reforms and the drug is reencapsulated (Fig. 8) . The boundary of the shock wave consists of highly compressed gas followed by rarefied gas that creates high shear displacement sufficient to rupture lipid layers [1] . These data show that drug can be released by ultrasound that causes collapse cavitation. The threshold for tissue damage by ultrasound is usually above 1 or 2 W/cm 2 . This provides a therapeutic window as Fig. 9 shows.
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The Role of Cavitation in Acoustically Activated Drug Delivery Methods Dox was dissolved in 10 wt% P105 solutions at 10 mg/ml. Because Dox fluorescence is quenched by water, the amount of Dox release is quantified by measuring the decrease in fluorescence as ultrasound is applied. Laser excitation at 488 nm is brought to the Dox solution through a fiber optic bundle, and the emission at 530 nm is carried by another fiber optic bundle to a detector (Fig. 4) . Dox fluorescence was measured with and without ultrasound applied at various power densities.
Ultrasound at 70 kHz was applied in an ultrasonic bath, and the power density was measured with a hydrophone and oscilloscope. After measurements of Dox fluorescence, the fiber optic was replaced with the hydrophone in the same location. The hydrophone signal was Fourier transformed to obtain the spectra of the vibrations of the cavitating bubbles in the ultrasonic field (Fig. 5) . 
